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Abstract

Objective—To compare the presence or absence of meal replacements (MRs) and an energy 

density (ED) intervention to facilitate weight loss maintenance.

Design and Methods—238 overweight primary care patients (mean BMI= 39.5 kg/m2) began 

the study; 132 completed the 12-week weight loss phase. Participants were randomly assigned to 

one of four maintenance conditions formed by crossing the presence or absence of MRs (MR

+/MR−) and of the ED program (ED+/ED−) during a subsequent 9-month maintenance phase. 

Follow-ups assessments occurred 1 and 2 years after treatment termination.

Results—Participants initially lost 6.1 kg. Analyses of variance based on weight change from the 

beginning of the maintenance phase to the 2-year follow-up produced a significant interaction. All 

groups except ED+/MR− regained substantial weight during follow-up; the ED+/MR− group 

regained significantly less weight than the control group at both follow-up assessments. No 

significant effects of treatment were found for several variables that were expected to mediate 

these outcomes.

Conclusions—Because weight losses achieved in lifestyle change programs for obesity are 

rarely maintained, the superior outcome achieved by the ED+/MR− condition is notable. 

Nonetheless, methodological issues and inability to identify a potential mediator of this outcome 

makes replication of this finding essential.
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Introduction

Despite intensive efforts to improve long-term weight control (1), weight loss maintenance 

continues to be an elusive goal in lifestyle change programs. In regard to energy intake, 

Lowe(2) proposed three possible reasons for this. First, lifestyle change programs place 

roughly equal emphasis on scores of diverse lifestyle changes but evidence suggests that 

specific attributes of the food environment (e.g., the availability of high-calorie foods) and 

of food itself (e.g., portioning and energy density) play a disproportionately large role in 

appetite and weight control (3). This suggests that it may be advantageous to make 

modification of participants’ personal food environments a major focus of treatment. 

Second, changes in self-control skills (e.g., self-monitoring, stimulus control, boosting 

motivation), though useful for weight loss, apparently cannot be reliably maintained, 

resulting in weight regain when treatment ends. Third, because obese individuals are 

particularly sensitive to the influence of food cues in the environment (5–9), they might 

benefit the most from an approach that directly produces and sustains nutritional changes in 

their personal food environments (2, 3). In this study two nutrition-focused strategies for 

enhancing the maintenance of weight loss were tested. The first was the use of meal 

replacements (MRs); past research has suggested their usefulness for weight loss (10) and 

maintenance (11). The second strategy was training in a reduced energy density eating (ED) 

approach to food selection and preparation. This approach (i.e., reducing the number of 

calories in a given weight or volume of food) is a promising strategy for weight loss 

maintenance because it promotes consumption of a satisfying volume of food while 

minimizing caloric intake (3, 12, 13). In the current study, participants also were instructed 

to make changes in their food purchases and food preparation so the ED of the foods in their 

personal food environment (2) was reduced in ways that would be sustainable after 

treatment ended.

To evaluate the effect of the MR and ED interventions specifically for weight loss 

maintenance, all participants first completed a 12-week behavioral weight loss program. 

Participants were randomized into one of four maintenance conditions before the weight loss 

phase but both participants and their group leaders were kept blind about their assignment 

until week 13. In this manner participants were able to remain in the same group for the full 

12-month treatment period. The 9-month maintenance conditions were: (a) lifestyle 

modification only (i.e. the absence of both MRs and the ED program, designated as MR

−/ED−), (b) lifestyle modification plus MRs (MR+/ED−), (c) lifestyle modification plus the 

ED intervention (MR−/ED+), or (d) lifestyle modification plus MRs and the ED intervention 

(MR+/ED+). The study tested the hypothesis that the latter three experimental conditions 

would produce superior weight loss maintenance at 1- and 2-year follow-ups.

Methods and procedures

Participants

A total of 238 overweight primary care patients (65.8% African American, 89% women, 

mean BMI= 39.5 kg/m2) were recruited by physicians in primary care offices. Participants 

had to be between the ages of 18–70 years, have a body mass index over 30 kg/m2 (or 27 

kg/m2 with a comorbid medical condition), and have regular access to a telephone. 
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Exclusion criteria included lactose intolerance, serious psychiatric disorders and medical 

conditions and drug regimens know to affect body weight or appetite.

The 132 participants who completed the 12-week weight loss phase were randomly assigned 

to one of four weight maintenance groups formed by crossing two factors: 1) the presence or 

absence of ongoing use of one meal and one snack replacement per day (MR+; n= 66 and 

MR−; n = 66) and 2) the presence or absence of a reduced energy density eating (ED) 

program (ED+; n=72 and ED−; n = 60). Informed consent was obtained and the study was 

approved by Drexel University’s Institutional Review Board.

Intervention

Weight Loss Phase—All participants were instructed to: 1) follow a 12-week weight loss 

diet using two meal replacements per day, plus a controlled meal and planned snacks, 2) 

read weekly lifestyle change modules from the LEARN manual (14), and 3) implement 

treatment recommendations via weekly 15-minute phone calls with a Weight Control 

Specialist (WCS). WCSs had graduate degrees in clinical psychology or nutrition. 

Participants were instructed to follow a balanced 1200–1500 kcal, MR-supplemented diet 

(using Slim Fast®); MR shakes and bars were provided free of charge. The WCS also 

reviewed appropriate use of MRs, answered questions, and provided support to motivate 

participants to continue adhering to LEARN recommendations. During the weight loss 

phase, all participants weighed themselves at least weekly on digital scales that were 

provided to them and reported their weight during each phone call with their WCS.

Maintenance Phase—Participants were randomly assigned to weight loss maintenance 

interventions formed by crossing two factors: 1) continued use of MRs or not; and 2) 

introduction of a reduced energy density eating (ED) program or not. During this phase the 

15-minute phone calls and written educational modules continued, but gradually decreased 

in frequency from weekly for the first 3 months, to bi-weekly for the next 3 months, and 

then monthly for the final three months. MRs continued to be provided without charge to the 

MR+ conditions until treatment ended.

MR−/ED− Condition (n = 33): In this condition, the focus was on learning to incorporate 

conventional foods into the diet (to achieve a maintenance level of caloric intake following 

LEARN manual guidelines for macronutrient composition of the diet).

MR+/ED− Condition (n=27): Participants in this condition were told that MRs would 

constitute a significant part of their weight maintenance program. They were taught how to 

build in MRs to replace one meal and one snack per day. A rationale for the continued, long-

term use of MRs to support weight loss maintenance was provided.

MR−/ED+ Condition (n= 33): Participants in this condition were given the book 

Volumetrics (15) and individual modules that complemented the material in the book (12, 

13). The discontinuation of MRs was explained as a necessary transition to learning how to 

maintain lost weight using regular foods. The ED condition emphasized purchasing and 

preparing foods lower in energy density, mostly by reducing fat content and/or increasing 

water content of foods throughout the 9-month maintenance phase. Regular homework 
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assignments aimed at having participants systematically prepare or purchase foods that were 

reduced in energy density to permanently replace ingredients or foods that had been a 

regular part of their diet. The goal was to change the energy density of as many foods as 

possible in participants’ personal food environments (2) in ways that could be sustained. 

These environments included their car, workplace and any other contexts where they 

regularly spent time. Participants were also encouraged to begin meals with a food low in 

energy density (e.g., broth-based soups).

MR+/ED+ Condition (n= 39): This condition combined the use of MRs and the ED 

condition as described above.

The same physical activity prescription was used across all conditions. All participants were 

encouraged to gradually increase their levels of structured physical activity (usually brisk 

walking) so that they were engaging in it at least 150 minutes per week.

Study design and measures

Assessments were conducted at baseline (prior to the start of the weight loss phase) and at 

months 3, 12, 24 and 36. Height was measured with a stadiometer at the baseline assessment 

and weight was measured with a digital scale at each assessment point.

24-hour food recalls—Dietary recalls were collected at each assessment (except month 

36) and analyzed by the the Diet Assessment Center at Pennsylvania State University. The 

24-hour recall has become the best available method for dietary assessment (16 – 18). The 

total energy and energy density of the diet (kcals/total weight of food and beverages) was 

analyzed; solid foods and beverages were analyzed separately (13).

Blood lipids and blood pressure—Fasting cholesterol, triglycerides, and HDL- and 

LDL-cholesterol were assessed. Blood pressure was also measured (using the final two of 

three measurements - 19).

Hemoglobin A1c—Hemoglobin A1c reflects the glycemic history over the previous 2 to 3 

months and is positively impacted by weight loss, physical activity, improved diet 

composition.

Waist circumference—Waist circumference was measured (at the umbilicus) because it 

conveys information about health risks associated with obesity beyond body mass itself.

Eating Inventory—Cognitive restraint measures the efforts toward control of food intake 

and Disinhibition assesses tendencies toward overeating (20). The ability of these subscales 

to predict various aspects of eating behavior has been demonstrated (21, 22); Cognitive 

Restraint has been subdivided into flexible and rigid eating control subscales (22).

Weight Efficacy Life-Style Questionnaire (WEL)—The Weight Efficacy Life-Style 

Questionnaire (23) is a well-supported, 20-item scale that measures perceived self-efficacy 

in controlling eating in five types of situations (23, 24).
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Physical activity measure—The Short Physical Activity History questionnaire (25) was 

used, with two modifications (a bout of activity was defined as 20 minutes and respondents 

were told to compare themselves to others of the same age and sex). Its reliability and 

validity have been supported (26).

Home food environment measure—Each participant completed a home food 

environment survey, which is a checklist of the foods stored in their refrigerator and cabinets 

(26). Similar questionnaires have demonstrated acceptable test-retest and inter-rater 

reliability (26, 27).

Statistical analysis

Analysis of variance and chi-square were used to compare treatment groups (treated as a 4-

level between-subjects factor in these analyses) on (a) baseline demographic characteristics 

and body size (i.e., age, race, ethnicity, gender, BMI) and (b) outcome measures (weight 

change, blood pressure, cholesterol, glycemic control, food pantry, energy density of the 

diet, eating behavior, and physical activity) at the end of the initial 3-month weight loss 

phase (at the time of randomization to a maintenance condition). Participants who did not 

complete the initial weight loss phase were not randomized to a maintenance intervention.

The effect of the two maintenance interventions on change in outcomes during the 

maintenance phase was examined using linear and nonlinear mixed models. As a first step, 

unconditional models were specified for each outcome variable to test for linear and 

exponential trends over time, and to evaluate the variance components associated with 

slopes to determine assignment as fixed versus random effects (all slopes were treated as 

random effects). Given our 2×2 factorial design (MR−/+ and ED−/+), two binary variables 

representing the effect of the two maintenance conditions were then added simultaneously to 

the best fitting model from step 1, along with their interaction. This approach allowed us to 

test for main effects of the ED and MR conditions, as well as to test for an interaction 

(which, if not significant, was not retained in the final model). These analyses included the 

following covariates: the value of the outcome at baseline and the time of randomization, 

gender, race (Caucasian vs. non-Caucasian), and weight loss from baseline to 3-months. As 

a final step, the linear mixed models were used to estimate least squares (LS) means for each 

outcome, for each cell of the 2 ×2 design at 12-, 24-, and 36-months. The four means were 

compared against each other in post-hoc tests (see Tables 2 & 3).

Results

Characteristics of Sample

Descriptive information about the participants enrolled for the initial weight loss phase and 

those retained for the experimental phase is reported in Table 1.

Participants were randomly assigned to ED− (n = 60) or ED+ (n =72), and the same 

participants were assigned to MR− (n = 66) or MR+ (n = 66). Treatment groups did not 

differ at baseline according to age, BMI, race, ethnicity, or gender (all p-values > 0.05).
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Participants who completed the initial weight loss phase (n = 132) were significantly older 

than those who did not (n = 104; M ± SEM = 48.4 ± 1.0 vs. 41.9 ± 1.1 years, respectively, p 

< 0.001), had significantly lower BMIs at baseline (M ± SEM = 38.2 ± 0.5 vs. 41.2 ± 0.7 

kg/m2, p < 0.001) and were significantly more likely to be Caucasian than African-

American (p < 0.05). There were no significant differences in gender (p > 0.10). The 

percentages of participants that completed the weight loss phase who attended the end of 

treatment assessment, 12-month follow-up assessment and 24-month follow-up assessment 

were 65.9% (n=87), 62.1% (n=82) and 67.4% (n=89), respectively. The percentage of 

participants who contributed no follow-up data was 20.5% (n = 27). This degree of 

missingness is within acceptable limits for HLM analyses (28).

Weight Loss Maintenance by Condition

Weight loss at randomization (3-months) did not significantly differ between conditions (M 

± SEM = 5.8 ± 0.6 kg in the MR−/ED− group, 5.9 ± 0.7 kg in MR−/ED+, 6.7 ± 0.6 kg in 

MR+/ED−, and 6.2 ± 0.6 kg in MR+/ED+; p > 0.80). Weight change during the 

maintenance phase (through 36-month follow-up) was characterized by a positive linear 

trend of weight regain over time (p < 0.001). A statistically significant interaction between 

the experimental conditions (MR−/+ and ED−/+) and time was detected for change in 

weight (p < 0.05). As shown in Table 2, the four conditions did not significantly differ at 

end of treatment (12-months) but at both 24- and 36-month follow-ups the ED group 

experienced significantly less weight regain than the control group (see Figure 1).

For the remaining results, equivalence of experimental groups at time of randomization was 

confirmed except where noted.

Waist Circumference, Blood Pressure, Cholesterol, and Glycemic Control

Waist circumference decreased slightly early in the maintenance phase and then began to 

increase from 24-months to 36-months (p = .036); group had no effect (p’s > .20).

Systolic blood pressure increased during maintenance (p > 0.05), but there was no effect of 

treatment group (p > 0.05); no effects for diastolic blood pressure were found.

At randomization, total cholesterol (p < 0.001) and LDL cholesterol (p < 0.05) were higher 

in ED+ vs. ED−. There was a statistically significant effect of the ED intervention on total 

cholesterol (p < 0.05) and LDL cholesterol (p < 0.05); ED and ED+MR groups tended to 

experience little change or a decrease in these variables over the maintenance phase, 

whereas control and MR participants showed an increase. The ED+/MR− group exhibited a 

small decrease in HDL cholesterol during maintenance whereas the other groups showed a 

small increase (p < 0.05). When weight change during maintenance was controlled, the 

effect of group assignment on total cholesterol and LDL became nonsignificant but the 

effect of group assignment on HDL was slightly magnified. No significant group or time 

effects were found for triglycerides, the ratio of total cholesterol to HDL cholesterol or 

HbA1c.
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Nutritional Composition of the Diet

The pattern of results was similar across method of energy density so only total energy 

density (foods plus beverages) results are reported (see Table 3). Both caloric intake and 

energy density increased significantly over the maintenance phase but no group effects were 

found.

Percent of calories from fat did not change significantly between groups or over time. 

Percent of calories from carbohydrate (p < 0.01) and protein (p < 0.001) decreased over 

time. The MR condition experienced less of a decline in percent of calories from 

carbohydrates (p < .05). There was no effect of group on change in percent of calories from 

protein (p > 0.10).

The number of high fat and low fat foods in the home did not change with time (p’s > 0.10) 

and no between group differences were detected (p’s > 0.10).

Eating Behavior

Cognitive restraint (p < 0.001) decreased over time but there was no change in disinhibition 

(p > 0.30); no effect of group was found for either measure.

Physical Activity

Physical activity increased early in the maintenance phase and then decreased later in the 

maintenance phase (p = 0.049); group had no effect (p’s > 0.10).

Discussion

This study combined elements of an effectiveness design (recruitment of primary care 

patients, relaxed inclusion/exclusion criteria, absence of run-in period to exclude poorly 

motivated applicants) and an efficacy design (manualized interventions, thoroughly trained 

interventionists) to examine the benefits for weight loss maintenance of adding meal 

replacements, a reduced energy density eating program, or both to behavioral treatment. The 

relatively high attrition rate (44%) during the weight loss phase was presumably due to the 

fact that any eligible patient referred by his or her primary care doctor could enroll. Notably, 

the elevated attrition rate did not affect the internal validity of our study because our 

hypotheses were based solely on the maintenance of lost weight.

The weight loss phase produced smaller weight losses (a mean reduction of 6 kg or 3.3%) 

than those reported in most previous lifestyle change programs, which could be due to the 

relatively short weight loss phase of 12 weeks or to the fact that treatment was administered 

through individual phone calls instead of a group format. The significant three-way 

interaction between experimental conditions (MR and ED status) and time indicated that 

there were significant differences in the extent to which the four groups kept off their lost 

weight. The only significant between-group difference indicated that the MR−/ED+ group 

maintained their weight losses better than the control group at 24 and 36 months. In a 

previous study, individuals in a reduced energy density diet program maintained their weight 

loss for 6 months but then started regaining weight (3).
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The weight loss maintenance shown by the MR−/ED+ group is encouraging because in most 

past studies of lifestyle change for weight loss, weight regain began shortly after treatment 

ended. On the other hand, if MRs have the potential to also facilitate weight loss 

maintenance as some past research suggests (11), then it is unclear why the MR+/ED+ 

group did so poorly during maintenance. One plausible explanation is that the convenience 

and simplicity of the MRs, and the fact that they were given free of charge during the 9-

month maintenance phase of the intervention, led participants to rely on them to continue 

losing weight or avoid weight regain, thereby undermining these participants’ motivation to 

learn and consistently implement the strategies that were being taught simultaneously in the 

ED program from months 4–9. If accurate, this would suggest that the potential benefits of 

MRs for weight loss (10) may be counteracted during maintenance if interventions taught 

simultaneously with MR use are not well learned because participants are relying too 

heavily on MRs to manage their weight.

To better understand the poor results of the MR+ condition, we examined participants’ 

reports of the use of MRs (which were collected at the 24 and 36 month assessments). At 24 

months, 69.5% of those in the MR+ condition and 50% of those in the MR− condition 

reported using MRs for weight control; the comparable figures at 36 months were 43.1% 

and 40.5%. There was no difference in weight change between those who did and did not 

make further use of MRs from 12 to 24 or from 24 to 36 months. Therefore, because the 

post-intervention compliance with meal replacement usage was incomplete in the MR+ 

condition, and because a surprisingly large percentage of participants in the MR− condition 

also reported use of meal replacements, a meaningful difference in MR usage during the 24 

maintenenace phase was not achieved. It is possible that many MR− participants, who used 

MRs during the weight loss phase but then discontinued their use from months 4 through 9, 

returned to MRs during maintenance in an effort to prevent or reverse weight gain. This 

possibility suggests that in future studies of MRs for maintenance, investigators should test 

whether participants in a MR− condition are not in fact using MRs during maintenance and 

that most of those in a MR+ condition are in fact continuing to use them during 

maintenance. Most past studies have not assessed MR usage following the intervention 

period.

In terms of blood lipids, the two ED groups experienced little change in total and LDL 

cholesterol during maintenance whereas the two groups that did not receive the ED 

intervention experienced a significant increase in these lipids. The absence of change in total 

and LDL cholesterol suggests that something about the two ED+ conditions prevented the 

rise in these outcomes experienced by the two ED− conditions. Finally, the interaction effect 

on HDL cholesterol presumably reflects the superior weight loss maintenance of the MR

−/ED+ condition and the fact that HDL (a protective lipid) is a fraction of total cholesterol 

(which also declined in this condition).

Given the weight loss maintenance achieved by the MR−/ED+ group, it was surprising that 

none of the possible mediators of this outcome changed differentially in this group. A 

possible explanation for the lack of differences in the total energy and energy density of the 

participants’ diets is that the ED group, who must have shown enduring improvements in 

their energy intake to maintain their weight losses for two years, devoted more attention and 
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effort to maintaining changes in their diets and therefore demonstrated less underreporting 

of energy intake than the other three groups when dietary intake was assessed at follow-up. 

That is, it is possible that the success demonstrated by the MR−/ED+ group reflected 

reduced energy intake but also less underreporting of intake, which could account for why 

energy intake reports of this group were actually the highest of the four groups.

A novel feature of this study was the use of weight loss during the first 12 weeks as a 

covariate when examining the effects of the interventions on weight loss maintenance. This 

procedure accounted for some of the individual differences in success at weight control that 

otherwise would have been treated as error variance, increasing the ability of the study to 

detect group differences during maintenance.

This is one of the few studies that have evaluated interventions for weight loss maintenance 

as distinct from weight loss. Other strengths of the study include its use of primary care 

patients, its inclusion of a high percentage of African-Americans, the comprehensiveness of 

its outcome measures, and its measurement of follow-up one and two years after the end of 

treatment. One weakness of the study was its relatively high attrition rate during the weight 

loss phase, which raises questions about the generalization of our findings to those who join 

a weight loss program. Also, the relatively modest weight losses achieved (an average of 

3.3% of starting weight) may have reduced the potential to identify mediators of the 

treatment effect that was found.

In conclusion, the present findings can be seen from two opposing perspectives. On one 

hand any intervention that offers the hope of improving the typically disappointing long-

term outcomes of previous weight loss studies is noteworthy. On the other hand, this 

implication is balanced by several others, including the poor outcome found for the MR

+/ED+ group and the fact that several nutrition-related variables that were expected to 

partially account for the superior performance of the ED group failed to do so. More 

research is warranted on the use of reduced energy density diets and a focus on changing 

participants’ personal food environments for weight loss maintenance. Such research might 

also benefit from incorporating additional nutrition-focused strategies (2) to extend the 

durability of weight losses.
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What is already known?

• Weight regain almost inevitably follows weight loss in lifestyle change 

programs

• Meal replacements and interventions to reduce the energy density of the diet 

hold promise to improve weight loss maintenance

What does this study add?

• Randomized controlled trial of weight loss maintenance in mostly African-

American primary care patients

• meal replacements did not facilitate weight loss maintenance

• the reduced energy density diet without meal replacements produced long-term 

maintenance
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Figure 1. 
Change in weight from end of weight loss phase to 36-month follow-up, by condition. At 

both 24- and 36-month follow-ups, the ED group experienced significantly less weight 

regain than the control group. (Error bars are standard errors of the means; for the sake of 

clarity, only the top half of error bars are included.)
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TABLE 1

Participant characteristics at baseline and start of weight loss maintenance (WLM) phase

Baseline (n= 238) Start of WLM Phase (n = 132)

Age (yrs) 45.5 ±11.8 48.3 ± 11.4

Baseline BMI (kg/m2) 39.5 ± 6.6 38.2 ± 6.1

Baseline WC (cm) 112.8 ± 13.7 110.2 ± 12.9

Weight loss (kg) n/a 6.1 ± 3.7

Female (%) 89.0 86.5

Race (%)

 Caucasian 21.9 27.8

 African American 65.8 62.4

 American Indian 0.4 0

 Asian 0.4 0.8

 Other 11.5 9.0

Ethnicity (%)

 Hispanic 6.7 6.8

 Non-Hispanic 93.3 93.2
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TABLE 2

Weight change from end of initial weight loss phase to 12, 24, and 36 month follow-up

Condition Weight Change (kg) Standard Error

12-Month Follow-up

 Control 1.33 a 0.45

 MR 0.46 a 0.46

 ED 0.29 a 0.51

 MR+ED 0.86 a 0.39

24-Month Follow-up

 Control 3.20 a 0.89

 MR 1.38 ab 0.90

 ED 0.41 b 1.03

 MR+ED 2.70 ab 0.76

36-Month Follow-up

 Control 5.06 a 1.41

 MR 2.30 ab 1.42

 ED 0.52 b 1.63

 MR+ED 4.55 ab 1.21

Note: Tables contain LS means. Within each follow-up period, means with the same superscript do not differ at p< .05.
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TABLE 3

Nutritional composition of the diet at 3, 12, 24, and 36 months by condition

MR−/ED− (Control) MR−/ED+ MR+/ED− ED+MR

3 Months

 Energy density (kcal/g) 0.67 ± 0.03 0.67 ± 0.03 0.65 ± 0.03 0.65 ± 0.02

 Kcal 1095.7 ± 28.0 1074.0 ± 28.6 1069.9 ± 28.7 1048.3 ± 25.9

 % kcal fat 31.5 ± 0.6 31.1 ± 0.6 32.0 ± 0.6 31.6 ± 0.6

 % kcal carb. 51.4 ± 0.8 51.1 ± 0.8 50.7 ± 0.8 50.4 ± 0.8

 % kcal protein 21.3 ± 0.4 21.9 ± 0.4 21.8 ± 0.4 22.3 ± 0.4

12 Months

 Energy density (kcal/g) .79 ± 0.03 .83 ± 0.03 .76 ± 0.03 .80 ± 0.02

 Kcal 1148.2 ± 35.1 1187.4 ± 36.8 1128.9 ± 34.5 1168.1 ± 30.6

 % kcal fat 33.1 ± 0.7 32.4 ± 0.8 32.0 ± 0.7 31.4 ± 0.7

 % kcal carb. 48.08 ± 0.8 48.8 ± 0.9 49.5 ± 0.8 50.4 ± 0.7

 % kcal protein 20.7 ± 0.5 20.4 ± 0.5 20.9 ± 0.5 20.5 ± 0.4

24 Months

 Energy density (kcal/g) .95 ± 0.05 1.05 ± 0.06 .90 ± 0.09 1. 00 ± 0.05

 Kcal 1218.2 ± 76.6 1338.5 ± 81.2 1207.5 ± 74.2 1327.8 ± 65.1

 % kcal fat 35.1 ± 1.6 34.2 ± 1.7 32.1 ± 1.6 31.2 ± 1.4

 % kcal carb. 43.5 ± 1.8 45.8 ± 1.9 47.9 ± 1.7 50.3 ± 1.5

 % kcal protein 19.9 ± 1.0 18.4 ± 1.1 19.7 ± 1.0 18.1 ± 0.9

Note: All values are modeled means ± SEM.
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TABLE 4

Secondary outcomes at 3, 12, 24, and 36 months by condition

MR−/ED− (Control) MR−/ED+ MR+/ED− MR+/ED+

3 Months

 Blood Pressure (sys) 122.4 ± 2.7 123.5 ± 2.8 122.8 ± 2.7 122.5 ± 2.3

 Blood Pressure (dia) 78.9 ± 1.8 78.6 ± 1.8 81.1 ± 1.8 81.3 ± 1.5

 Cholesterol (total) 168.0 ± 6.8 a 195.0 ± 7.0 b 179.4 ± 6.8 ab 188.4 ± 5.7 ab

 Cholesterol (HDL) 49.5 ± 2.8 52.6 ± 2.8 52.1 ± 2.8 54.6 ± 2.3

 Cholesterol (LDL) 97.5 ± 6.0 a 119.7 ± 6.1 b 106.3 ± 6.0 ab 112.0 ± 5.0ab

 Cholesterol (ratio) 3.59 ± .17 3.85 ± .18 3.56 ± .17 3.58 ± .14

 Triglycerides 104.9 ± 8.5 113.2 ± 8.7 105.1 ± 8.5 109.0 ± 7.2

 HbA1c 6.01 ± .16 5.90 ± .16 6.02 ± .16 6.05 ± .13

12 Months

 Blood Pressure (sys) 123.7 ± 1.0 123.0 ± 1.1 125.3 ± 1.1 124.7 ± 0.9

 Blood Pressure (dia) 81.2 ± 0.7 79.9 ± 0.7 81.2 ± 0.7 79.9 ± 0.6

 Cholesterol (total) 187.2 ± 3.0a 179.5 ± 3.4b 192.5 ± 2.9 a 184.7 ± 2.6 b

 Cholesterol (HDL) 55.7 ± 1.0 a 51.7 ± 1.3 b 54.8 ± 1.0 a 56.8 ± 0.9 a

 Cholesterol (LDL) 109.5 ± 2.6 103.7 ± 2.9 113.3 ± 2.5 107.6 ± 2.3

 Cholesterol (ratio) 3.62 ± .07 3.48 ± .08 3.63 ± .07 3.49 ± .06

 Triglycerides 111.2 ± 6.1 116.6 ± 7.0 108.8 ± 6.3 107.7 ± 5.5

 HbA1c 6.09 ± .07 6.04 ± .08 6.08 ± .07 6.03 ± .06

24 Months

 Blood Pressure (sys) 126.0 ± 1.5 123.0 ± 1.7 129.9 ± 1.6 125.9 ± 1.4

 Blood Pressure (dia) 82.9 ± 1.1 80.1 ± 1.2 82.4 ± 1.1 79.6 ± 1.0

 Cholesterol (total) 196.6 ± 6.7 a 178.3 ± 7.6 b 205.7 ± 6.5 a 187.4 ± 5.9 b

 Cholesterol (HDL) 58.8 ± 2.4 a 50.7 ± 3.0 b 57.0 ± 2.3 a 62.0 ± 2.0 a

 Cholesterol (LDL) 114.5 ± 5.7 a 100.3 ± 6.5b 121.1 ± 5.6a 106.9 ± 5.0 b

 Cholesterol (ratio) 3.68 ± .16 3.37 ± .161 3.67 ± .16 3.34 ± 1.4

 Triglycerides 124.8 ± 11.9 120.3 ± 13.4 120.8 ± 12.1 109.7 ± 11.1

 HbA1c 6.25 ± .17 6.12 ± .19 6.22 ± .17 6.09 ± .15

36 Months

 Blood Pressure (sys) 128.2 ± 2.4 122.9 ± 2.9 132.4 ± 2.5 127.1 ± 2.2

 Blood Pressure (dia) 84.5 ± 1.7 80.4 ± 1.8 83.5 ± 1.7 79.4 ± 1.5

Note: 3-month values are raw means ± SEM. The 12-, 24, and 36-month values are estimated means ± SEM obtained from linear mixed models 
analysis. Means with the same superscript do not differ at p< .05.
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